With the increasing incidence of Alzheimer disease (AD), determining the validity and reliability of outcome measures for people with this disease is necessary.
A lzheimer disease (AD) is the most common form of dementia in elderly people and affects an estimated 5.2 million individuals in the United States. 1 It is estimated that 13% of people aged 65 years and older are diagnosed with AD, and the incidence and prevalence increase considerably with age. 1 With the aging of the population, physical therapists in geriatrics will be treating an increasing number of people with AD. Given the need to measure outcomes to assess progress or decline in function, specific clinical tools should be tested for reliability and validity with individuals with AD.
There are recent publications supporting the physical and functional benefits of exercise in the management of AD. 2, 3 Identification of appropriate and useful outcome measures for people with AD would enhance the ability to assess the effectiveness of interventions in clinical and research environments. Our current understanding of the psychometric properties of specific clinical tests with this population is limited. Methodological studies assessing the reliability of clinical tools for people with AD or dementia are scarce, but not nonexistent. 4 -8 Given the extremely limited research available exclusively with people with a diagnosis of AD, information gleaned from research with individuals with other types of dementia was included in our review of the literature. Mixed results from studies make it difficult to know which outcome measures will best serve physical therapists' needs in monitoring change in performance in individuals with AD. Outcome measures that have been studied for reliability with individuals with AD or dementia include: the Timed "Up & Go" Test (TUG), 4, 5, 8, 9 the Six-Minute Walk Test (6MWT), 4, 6 and gait speed. 4, 5, 10 Reliability measurements indicate the degree to which scores of a clinical test are free from measurement errors, 11 and although conceptually straightforward, the application of this notion can be complex. 11, 12 Reliability can be expressed as relative reliability or as absolute reliability. If a measurement has high relative reliability, this indicates that repeated measurements will reveal consistent positioning or ranking of individuals' scores within a group. 11 If a measurement has high absolute reliability, this indicates that, upon repeated measurement, scores show little variability. 11 Relative reliability is measured with correlation coefficients. The intraclass correlation coefficient (ICC) evaluates correlation based upon variance estimates from analysis of variance 13 ; the more common the variance between sets of measurements, the higher the ICC. 12 The ICC is an appropriate statistic for examining test-retest reliability. 13 As a general guideline, an ICC above .75 is considered to demonstrate good reliability; for clinical measures, it is suggested that reliability should exceed .90 to ensure reasonable validity. 13 Excellent test-retest reliability does not necessarily ensure that individuals' repeated performance will be consistent from test to test. Scores may vary, given expected variability of individual performance and measurement error. A measure of absolute variability provides useful information to delineate the "expected" changes from "true" changes in performance. Statistically, absolute reliability is determined by the standard error of measurement (SEM), or the standard deviation of the measurement errors, 11, 13 and a clinically useful mechanism for looking at absolute reliability is the minimal detectable change (MDC) score. 14 Recent literature presenting TUG 8, 10 and gait speed 10 data for individuals with dementia highlights the importance of understanding relative versus absolute reliability. Even though test-retest reliability coefficients for clinical tests are high, individual variability and measurement error make it very difficult to identify a "true" change in performance over time. Minimal detectable change scores provide researchers and clinicians with the opportunity to determine whether a change in performance is a meaningful change (ie, beyond expected measurement error and individual variability).
Clinical observation in people with AD reveals increasing variability of performance with increasing levels of dementia. The existing literature supports this observation. Although Thomas 6 in a post hoc assessment of performance on the 6MWT (as a component of assessing test-retest reliability of the Senior Fitness Test), found that subjects who were cognitively impaired showed greater variability than subjects who were cognitively intact; they suggested that the 6MWT is not reliable for use with elderly people who are cognitively impaired. The combined findings of these studies 4 -6 and the previously noted clinical observation suggest that test-retest reliability of physical and functional performance measures with individuals with AD may be influenced by level of dementia.
The purposes of this research were:
(1) to determine test-retest reliability of data for the TUG, the 6MWT, and gait speed with individuals with AD; (2) to determine MDC scores for each of the outcome measures; and (3) to identify performance differences between participant groups stratified by level of dementia.
The existing literature guided the choice of outcome measures for the present study. We hypothesized that the test-retest reliability of the clinical tools would decrease with increased level of dementia, such that the measures would be reliable for use with individuals with mild to moderate AD, but not for use with individuals with moderately severe to severe AD. We also hypothesized that, when stratified by level of dementia, the participants who were less cognitively impaired would perform better on the clinical tests compared with the participants who were more cognitively impaired.
Method Participants and Procedure
This methodological study used a prospective, nonexperimental, descriptive research design. Guardian informed consent was obtained for all participants, with the exception of one participant who signed her own informed consent statement with her family's approval. When possible, assent forms were signed by participants in conjunction with guardian informed consent. Four sites providing care to individuals with AD (2 inpatient programs and 2 day care programs) participated in the study. The administrative contact at each site aided in the recruitment of participants. Inclusion criteria were: probable diagnosis of AD, medical stability, and ambulation with or without an assistive device or with handheld guiding assistance of one person. Exclusion criteria were: overt neuromuscular or musculoskeletal problems, acute cardiac or pulmonary conditions, and surgery within the previous 6 months.
Background data were collected primarily from the facility chart and included: age, sex, living environment, and use of an assistive device (classified as "none," "use of a cane," or "use of a walker or rolling walker") or handheld guiding assistance for ambulation. Personal information (eg, vocation, avocations, family members' names, likes and dislikes) was collected from the facility record and staff. This information proved useful in establishing rapport with the participants. The primary researcher (J.D.R.) administered the MMSE to all participants. The primary researcher scored the Functional Assessment Staging (FAST) scale [15] [16] [17] [18] using a caregiver or staff informant. The FAST scale has been established as a reliable and valid assessment tool for people with AD. 19 The FAST instrument identifies 16 levels of functioning, separated into 7 stages (Tab. 1), and provided the operational definitions for level of AD in this study. The FAST scale was used to stratify the participants into 2 groups based on level of dementia: a mild to moderate AD group (FAST scale scoreϭ4 or 5) and a moderately severe to severe AD group (FAST scale scoreϭ6 or 7).
Practical tips on interaction and communication with individuals with AD have been reported in the literature. Every effort was made to integrate these concepts into the protocol for the present study to maximize success of interactions, including: creating a personal connection with the patient using personal historical information; creating a low-stress environment; using friendly facial expressions, eye contact, and a pleasant, but firm, voice; one-step commands; and stating meaningful goals. 20 -29 The progression of cuing for all tests also was specific and based on the published literature. 30, 31 Cuing began with verbal instruction with a concurrent visual cue or gesture, followed by modeling or demonstration, followed by tactile guidance, and finally, if necessary, physical assistance. Participants were given 10 seconds to respond to a cue before the tester defaulted to a higher level of cuing. A 7-level scale of assistance developed by Beck et al 31 for elderly people with cognitive impairments was used to classify the type of cuing or assistance required for each participant. If a participant required handheld guiding assistance, every effort was made to allow the participant to drive the movement; however, if the participant stopped or veered from the intended path of movement, the researcher guided the participant's motion back on task.
Two testing sessions for each participant were performed on the same day with a 30-to 60-minute rest period separating testing sessions. Every effort was made to keep all factors associated with the testing sessions consistent (eg, general time of day, staff member assisting with testing, room or area in which testing was performed). Participants performed the TUG, the 6MWT, and the test of gait speed.
The TUG 32 is a test of the time required for an individual to stand up from a chair with armrests, walk 3 m, turn, walk back to the chair, and sit down. In the present study, participants circled a small orange cone placed at the 3-m mark. Participants were instructed to "go as fast as you safely can." The stopwatch timing
Reliability and Validity of Outcome Measures for Alzheimer Disease
started when the participant's bottom left the chair and ended when the bottom made contact with the chair after the walk.
The 6MWT is the distance walked in a period of 6 minutes. This test was initially considered an endurance measure 33 but more recently has been considered a broader measure of mobility and function. 34, 35 The 6MWT was performed in long hallways of the participating facilities. Participants walked at a "comfortable pace," were discouraged from talking during the test, and were notified of each passing minute. If participants were distracted or stopped walking, they were prompted to "keep walking" and were advised of the time remaining.
Self-selected gait speed was assessed using the GAITRite walkway.* This portable mat with embedded sensors and companion software creates a profile of temporal and spatial parameters of gait and is considered a valid and reliable quantitative gait assessment tool. 36,37 Participants were instructed to walk at a "comfortable" pace for the length of the mat (4.57 m [15 ft]), and the walking path was established such that acceleration and deceleration did not occur on the mat.
Testing took place at the participating facilities. Patients performed one practice run of the TUG and one practice pass on the GAITRite walkway. They did not perform a practice run of the 6MWT, but were oriented to the walking course. Each testing session included 2 trials of the TUG, 2 passes at a comfortable pace on the GAITRite mat, and 1 trial of the 6MWT. Tests were performed in variable order to control for variability of performance from first to last test as a confounding factor. The order of test administration was randomized, determined by blind drawing of test order from all possible combinations for each participant. The test order administration remained constant from test session 1 to test session 2 for each participant.
Data Management and Analysis
We used SPSS 15.0 for Windows † for data management and analysis. Level of significance was predetermined to be PϽ.05 for all statistical analyses. Descriptive statistics for comparisons of groups included independentsamples t tests for parametric data and chi square and Mann-Whitney U tests for nonparametric data. All descriptive comparisons between groups were 2-tailed, as no assumptions of directionality were made.
Test-retest reliability of data for all tests was assessed using the ICC (model 2), which is appropriate for methodological research. 11, 13 Reliability of data obtained for the TUG and gait speed was assessed using the ICC (2,2), as mean scores from 2 Independent-samples t tests were used to determine differences in performance on the clinical tests between the 2 groups. Comparisons were made using the mean score of all trials for each participant on the given test (ie, mean of 4 TUG scores, mean of 2 6MWT scores, and mean of 4 gait speed measurements). Onetailed tests were used to assess these data, as there is evidence to suggest that a decrease in speed occurs in patients with dementia 38 -45 ; therefore, an assumption of directionality was thought to be reasonable.
Standard errors of measurement and MDC scores were calculated for the TUG, the 6MWT, and gait speed. Standard errors of measurement 11 were calculated using the following equation:
(1)
In this equation, sd is the standard deviation of the measure, and r is the reliability coefficient (test-retest reliability in the form of ICC for the subject group). For repeated measures, the SEM was multiplied by the square root of the number of measurements. 11 Minimal detectable change scores were calculated for the TUG, 6MWT, and gait speed data at the 90% confidence interval. The formula used for calculating MDC 90 14,46 was:
MDC 90 ϭ SEM ϫ 1.65 ϫ ͱ2
In this equation, SEM was calculated as described previously. The 1.65 in the MDC 90 equation represents the z-score at the 90% confidence level. The product of SEM multiplied by 1.65 is multiplied by the square root of 2 to account for errors associated with repeated measurements.
Results
Data were collected on a total of 53 participants. Two participants' data were eliminated from analysis because their dementia was later determined to be caused by factors other than AD. One setting was not conducive to the performance of the 6MWT, so that test was not performed with participants in that setting. On 2 occasions, individuals at other settings declined to perform the 6MWT. The Figure diagrams a flowchart of participants, explaining any differences between numbers of participants tested and data used in analysis of the results. The remaining 51 participants were stratified into the mild to moderate AD group (nϭ20) and the moderately severe to severe AD group (nϭ31).
Descriptive statistics for the 51 subjects are shown in Table 2 . The 2 groups were similar in age, as determined by the independent-samples t test, and similar in sex and living environment (ie, home versus inpatient), as determined by analysis of frequencies using the chi-square test. Mini-Mental Status Examination scores also are presented in Table 2 . The MMSE scores of the 2 groups were compared using the MannWhitney U test, a nonparametric statistical analysis, given the ordinal nature of the MMSE data. Given the desire to compare the participants in the present study with those in many published studies that reported MMSE findings using parametric statistics, mean scores and standard deviations are presented for both groups as well. All participants were consistent in their level of cuing needs from test session 1 to test session 2. The 2 groups were significantly different in their level of cuing needs, as evidenced by MannWhitney U test analysis, with the participants who were more cognitively impaired requiring higher levels of cuing than those who were less cognitively impaired (Tab. 2). The use of assistive devices (classified as "none," "use of a cane," or "use of a walker or rolling walker") was similar between groups. More than 50% of the participants of both groups were ambulatory without assistive devices. Six participants, all in the moderately severe to severe AD group, required handheld guiding assistance for ambulation. There were statistically significant differences between the mild to moderate AD group and the moderately severe to severe AD group on TUG, 6MWT, and gait speed performance. The participants who were more cognitively impaired were slower on the TUG and the test of gait speed and walked shorter distances in the 6MWT compared with the participants who were less cognitively impaired (Tab. 3).
Repeated-measures SEMs were calculated for the TUG, the 6MWT, and gait speed to provide a comparison of individual variability of performance across groups (Tab. 4). Although there was little difference in SEMs for the mild to moderate AD group compared with the moderately severe to severe AD group for the 6MWT and gait speed (ϳ10% dif-
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ference), there was a substantial difference in SEMs for TUG scores between the 2 groups (ϳ100% difference), with the participants who were more cognitively impaired showing greater variability of performance compared with the participants who were less cognitively impaired. 10 commented that the use of cuing was the key to the successful administration of the TUG in subjects with cognitive impairment in their recent reliability studies. In all of the studies reviewed that addressed cuing, the authors either expressed simply a general statement that cuing was allowed 4, 5, 10 or reported a dichotomy of cuing versus no cuing. 8 We believe that careful use of cuing was an asset to consistency of performance, contributing to the high test-retest reliability findings for the clinical tests in our study. Perhaps our careful progression of cuing was pivotal in the successful administration of the TUG in the moderately severe to severe AD group, as Tappen et al 4 were unable to administer the TUG to their subjects with comparable MMSE scores. Our participants' cuing needs were rated and documented (verbal cue/gesture, modeling/demonstration, physical/ tactile prompt, progressive amounts of physical guidance) and were consistent from one testing session to the next. Not surprisingly, participants with moderately severe to severe AD required more substantive prompting and guiding for performance of the outcome measures than those with mild to moderate AD. Six of our 51 participants, all from the moderately severe to severe AD group, required handheld guiding assistance of one person to complete the outcome measures. Without the physical guidance of the researcher, these participants would not have been able to complete the tests.
A recent publication by Hauer and Oster 47 reiterates that measuring functional performance in people with dementia is very complex and cautions researchers that when we provide external cues to patients, perhaps we are measuring the reliability and quality of the external cuing (ie, the researcher's performance) as opposed to, or as well as, the patients' performance. In contrast, we contend that a consistent progression of cuing to facilitate best possible performance may be the optimal way to administer clinical tests to people with AD or dementia. The use of a consistent cuing paradigm, in conjunction with following other suggestions related to establishing rapport and maintaining a nonthreatening environment, may allow the clinician or researcher to repeatedly elicit the most favorable performance from an individual with AD.
Our findings demonstrate that although test-retest reliability (relative reliability) for the clinical tests was excellent, there was still a substantial degree of variability of performance for individual participants from one test session to the next (absolute reliability). The SEM and MDC 90 were calculated to objectify these findings. Because the SEM is based on an assumption of normal distribution, probabilities of the normal curve can be applied to SEM values. 11 Values from Table 4 can be translated to clinical performance using these principles. For instance, there is a 68% probability that a repeated measure of the TUG will be within Ϯ1.52 seconds (1 SEM) of the original score for an individual with mild to moderate AD and a 96% probability that a repeated measure will be within 3.04 seconds (2 SEMs) of the original score. For an individual with moderately severe to severe AD, there is a 96% probability that a repeated measure of the TUG will be within Ϯ6.06 seconds (2 SEMs) of the original score. This could be useful information when examining repeat performances of individuals with AD on the TUG. The dichotomy of dementia levels is important in interpreting clinical findings here, as a difference in performance of approximately 4 to 5 seconds likely represents a change beyond the expected variability in performance in a patient 
who is less cognitively impaired, whereas this same change of approximately 4 to 5 seconds would be within the expected variability of performance in a patient who is more profoundly impaired.
The SEM findings for the TUG were consistent with what was anticipated, with the group with a higher level of dementia showing more variability of performance compared with the group with a lower level of dementia. However, this was not the case with the 6MWT or gait speed data. Differences in SEM between groups for the 6MWT and gait speed were small (ϳ10%), with the mild to moderate AD group showing greater variability of performance than the moderately severe to severe AD group. Given the small difference between groups, clinically, it seems appropriate to use the SEM for all individuals if calculating expected performance on repeated measures of the 6MWT and gait speed, irrespective of dementia level. Based on these findings, there is a 96% probability that a repeated measure of the 6MWT will be within Ϯ40.5 m (133 ft) (2 SEMs) of the initial score. There is a 96% probability that a repeated measure of gait speed will be within Ϯ11.44 cm/s (2 SEMs) of the initial measurement. These numbers give wide ranges of performance that would fall into the "expected" level of variability on these tests, but still could be clinically useful in the identification of "true" changes in individuals with AD.
The TUG is the only one of the outcome measures we studied that has previously been assessed for absolute reliability. Nordin et al 8 studied the reliability of TUG scores with participants stratified by cognitive level. As in our study, they hypothesized that increased cognitive impairment would increase the variability of TUG scores, but they found that variability of performance was related not to cognitive level, but to time to complete the TUG. Also like our study, although their calculated ICCs were high (.91 and .92 for intrarater and intertester reliability, respectively), individual variability also was high. Using logarithmically transformed data, the authors created a calculation for expected variability of TUG performance. This method revealed a large degree of variability or measurement error, such that if an individual performed the TUG in 20 seconds, the expected range of performance on a repeated measure could be between 13.2 and 30.3 seconds. If an individual's performance was 30 seconds, the expected range of a repeated measure could be between 26.4 and 60.6 seconds. Despite similarities in our general study findings, we used substantially different statistical mechanisms to assess absolute reliability. Our findings suggest that a smaller change in performance on the TUG (ie, 4.09 seconds) than proposed by Nordin et al may represent a clinically significant change. Again, it is possible that our structured and consistent use of cuing and our efforts to maximize participant comfort and minimize environmental stress were effective in minimizing variability of performance, resulting in more consistency across trials.
Our final research goal was to identify performance differences between groups stratified by level of dementia. There were significant differences in performance between the mild to moderate AD group and the moderately severe to severe AD group for the TUG, the 6MWT, and gait speed. The findings of the present study, within the context of published data for the TUG, 5, 10, 48, 49 the 6MWT, 4,48,50 and gait speed 10, 51 in individuals with dementia, clearly represent a degradation of performance with the progression of dementia, and this performance decline is beyond that seen with normal aging. Admittedly, this is piecing together data cross-sectionally; a longitudinal study would be helpful to confirm this observation and would be a useful contribution to the literature.
The present study indicates that the TUG, the 6MWT, and gait speed (using the GAITRite system) are reliable measures for use with individuals with AD. Recently, interpreting change scores and identifying clinically significant changes in performance have become an explicit focus of the physical therapy profession. 14 
Conclusions
This study demonstrated excellent test-retest reliability for the TUG, the 6MWT, and gait speed in individuals with AD. Significant differences were found in performance of these outcome measures between the mild to moderate AD group and the moderately severe to severe AD group, with the participants who were less cognitively impaired outperforming those who were more cognitively impaired. Despite very high ICCs for test-retest reliability, there was notable individual variability in the performance of these measures. Presentation of SEM and MDC 90 , for each of the measurement tools, provides clinicians with meaningful thresholds for identifying changes beyond those expected from measurement error and individual variability (ie, "true" change) in individuals with AD. We are confident that the consistent and scripted use of cuing with participants was instrumental in the successful administration of the outcome measures and contributed to consistency of participant performance across trials. These findings are relevant for both clinicians and researchers. It is our hope that MDC 90 values for the TUG, the 6MWT, and gait speed presented here will be helpful in monitoring performance changes over time and assessing the effectiveness of physical therapy and exercise interventions in individuals with AD.
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